Introduction
Microbial communities have demonstrated unprecedented potential, in terms of their metabolic versatility, phyletic diversity and universality of habitats. It is indeed possible to say that microbial communities are truly ubiquitous, and as such are vital constituents of all aspects of the Earth's ecology, including interaction with humans. The interaction of humans with their native microbiota which is considered to be a supra organism or holobiont and is treated as an individual entity, is important in evolutionary selection. Consequently, the metabolic influence of microbial communities has a very direct influence on human and animal health. There is mounting evidence of the various levels of interaction between microbial communities and human hosts, especially those in the mucous tissues of the gastrointestinal and respiratory tracts (1, 2) . This evidence becomes especially obvious when the microbial communities change or decrease in biodiversity, which is an effect caused by broad-spectrum antibiotics (3, 4) . However, to date no clear mechanisms or specific metabolic circuits have been identified that are responsible for the interaction between microbial communities and human hosts. This hinders us from designing rational and targeted treatment options for various diseases related to microbial imbalances in humans, including asthma (5, 6) . Diagnosis and treatment health disorders through microbial community modification e.g. with probiotics or symbiotics is therefore in its infancy and has so far been limited to a few cases, which rely more on phenomenological findings rather than a complete and thorough understanding of the actual contribution of microbial communities to the course and severity of a particular disease (5, 7) . One of the rapidly increasing health problems where evidence exists for the interaction of human hosts and their indigenous microbiota are asthma and other allergic diseases (8) . Among these, asthma is the most common chronic disease in children. Today half of Europe's population suffers from some form of allergy, and one person dies every hour from complications caused by allergies (9) . In this asthma and allergy epidemic, there has been long-standing interest in the critical role of microbes in normal immune development and regulation.
This combination of a novel and multiple approach may lead to therapeutic opportunities associated with personalized microbialbased therapies in allergies and asthma.
Microbiome and Immune Response
Although it is known that the microbiome significantly influence host immune maturation and immune activity, the molecular basis for these immunomodulatory mechanisms are not clear. The immune system is composed of a complex network of innate and adaptive components, endowed with an extraordinary capacity to adapt and respond to highly diverse challenges, including microbiome dysbiosis. Alteration of the composition and function of the gut and/or respiratory microbiota as a result of antibiotic use or diet, and elimination of some pathogens such as helminth worms, has transformed our microbial allies into potential liabilities (8) (10) . Certain commensal microbes, such as specific Bifidobacterium and Lactobacillus strains, have been shown to increase the population of T regulatory cells (11) , and can stimulate metabolic processes in dendritic cells, such as vitamin A metabolism, and tryptophan metabolism which promote T regulatory cells (12, 13 ). An exopolysaccharide from Bifidobacterium longum was found to suppress Th17 responses in the lungs and gut (14, 15) . In addition, bacterialassociated components and bacterial-derived metabolites have a significant influence on immune regulatory processes. Short-chain fatty acids (acetate, butyrate and propionate) are produced by the gut microbiota and have been shown to modulate T cell and dendritic cell response, promoting epigenetic changes (16) . Biogenic amine, synthetized due to amino acid metabolism from gut bacteria, may also modulate immune and inflammatory responses (17) .
Microbiota and Risk of Asthma in Childhood
The first years of our lives are the critical period for susceptibility to environmental exposure as the immune system develops through complex host-environment inter actions (18) . The human microbiome includes as many as 10 14 bacteria, similar to the number of cells in an individual person (1, 2) . The composition of the gut microbiota matures within the first years of life (18) and the microbiome may have the ability to cause host immune maturation, and may be an important environmental factor that determines the transition from health to disease. Perturbation of the microbiome during this critical period of development may cause asthma, allergy, and other immunological disorders (19, 20) . In babies and infants, the presence of pathogenic bacteria in the lungs and gut has been associated with subsequent development of allergic sensitization and asthma (21) . Furthermore, it has been observed that one-year-old children with an immature microbial composition have an increased risk of asthma at five years of age (22) . Adequate maturation of the gut microbiota in this period may protect these pre-disposed children from asthma development (23) . Birth by cesarean section has been recognized as a risk factor for asthma and other immune-mediated diseases in childhood. Furthermore, antibiotic exposure in the first year of life has also been associated with increased asthma risk, as it changes the microbial community (24) . Actually, the lack of maturation of the microbiome in the first year of life is critical for increased asthma risk (21, 25) . Manipulation of the airway microbiome, particularly in early life, might be a strategy to prevent or treat asthma, although the results of studies on prebiotics used together with probiotics have been negative overall. Probiotic intervention trials in pregnancy and early life have failed to prove efficacy in reducing asthma risk (26, 27). However, this could be due to species selection or the inadequate species composition of the probiotics. It may be speculated that the global microbial population and delayed maturation in the first year of life matters more than individual taxa.
Gut Microbiota and Asthma
The human gut in otherwise healthy subjects is colonized by 10 14 bacteria and contains more than 1000 bacterial species (1, 2) . The interaction of the human gut and its microbiome is conditioned by dietary and environmental variations, leading to the selection of a high variety of bacteria, interacting both for defense and nutritional purposes. The gut microbiota and their metabolic products exist in a dynamic state, which varies throughout the lifetime of the individual. This is particularly true during the first 18 months of life, as the gastrointestinal tract becomes colonized, and communities of bacteria form in various niches throughout the gut (3, 4, 6, 7) . There is a growing appreciation of the fact that gut microbiota plays a vital role in host physiology as well as in the pathophysiology of several disorders, including asthma (6, 28) . Using fecal samples from one year old babies, the microbial composition was analyzed and followed up in these babies up to school age (29) . The results showed significant differences in microbial composition in children that had developed asthma, compared to those who had not. This difference was associated with whether the mother had asthma, indicating that these children are at a higher risk of developing asthma (1, 28) .
Metagenomic studies of healthy and diseased individuals have revealed that reduced biodiversity and alterations in the composition of the gut are associated with asthma and other allergic diseases. For example, a relative decrease in the proportion of Bifidobacteria and the concomitant increase in other enteric flora species in infancy have been linked to diseased states later in life. In addition, increased numbers of Escherichia coli and Clostridium difficile are associated with the development of atopic diseases, such as asthma (6, 30) . Altered indigenous microbiota and the general microbial deprivation characterizing the lifestyle of urban people in affluent countries appear to be risk factors for immune dysregulation and impaired tolerance (1, 3) . Physical inactivity, antibiotic over-use and a western diet poor in fresh fruit and vegetables further enhance the risk. All this may act in synergy with the dysbiosis and disbalance of the gut flora (3, 4, 31) . Studies of immigrants moving from non-affluent to affluent regions indicate that immune tolerance mechanisms can rapidly become impaired in microbepoor environments (32) .
The concept of a "common mucosal immune system" rests on the premise that there is cross-talk between human mucosal compartments and that microbially driven differences in mucosal immune function may be shared across sites (3, 4) . Once microbes enter a niche and become established, a balance must be struck that maintains functional homeostasis between microbiome indifferent compartments and hosts. We believe that gut and respiratory tract microbiota are closely related in the control of the development and progression of childhood asthma.
Respiratory Tract Microbiota and Asthma
Until recently, it was believed that the lungs were sterile or free from bacteria. Actually, no new study has found evidence of a sterile lung environment. It is known that the respiratory mucosa in healthy individuals is inhabited by niche-specific bacterial communities (1, 33) . The highest densities of bacterial communities are found in the upper respiratory tract, reaching up to 10 3 viable bacteria per nasal swab from the nasal cavity and nasopharynx, with up to 10 6 /ml viable cells from oropharynx lavages (1, 34, 35 ). In the trachea and lungs, the estimated numbers of bacteria are lower, with approximately 10 2 bacterial cells/ ml being found in bronchoalveolar lavages from healthy lungs (36) . The six dominant bacterial lines routinely found in the lung are Bacteroides, Fusobacteria, Proteobacteria, Acidobacteria, Actinobacteria and Furmicutes (37, 38) . The composition of the respiratory tract microbiota develops exponentially very early in life, and may be influenced later in life by age, health status and environment. Type of delivery (vaginal or via caesarean section), exposure during the first hours of life and the environment of the following 3-4 months of life have been found to be most important in forming stable respiratory and gut microbiota, which are crucial to later health (39) (40) (41) .
The different composition of the lung microbiota between asthmatic and healthy individuals indicates that bacteria may contribute to asthma development and suggests the important effect of immune responses for microbiota which inhabit organ systems, such as the gut (1, 7, 32) . This has led to the concept of the "gut-lung axis" (1, 2, 7, 40) . In asthmatic airways there is an increase Proteobacteria phylum, including families of Oxalobacteraceae, Comamonadaceae, Nitrosomonadaceae, Sphingomonadaceae and Pseudomonadaceae (1, 42) . Other studies also confirmed that Proteobacteria were present in greater numbers in asthmatic airways (36, 42) . In patients with severe asthma a relationship between the airway microbiome dysbiosis and disease features has been found ( Fig. 1.) (43, 44) . Moreover, different clinical phenotypes of severe asthma have been described, suggesting the possible involvement of microbiome dysbiosis in the modulation of infl ammation in asthmatic airways (7, 45) . Analysis of lower airway microbiota in asthmatic patients, poorly controlled despite high-dose of inhaled corticosteroid therapy, noted signifi cant relationships between different bacterial communities. In fact, the species Klebsiella was augmented in patients with severe asthma in comparison with patients with mild-to-moderate asthma and controls (43, 46) . In severe asthmatics Proteobacteria was associated with the T H 17-related gene signature in airway epithelium, thereby worsening asthma control. Moreover, Bacteroides and Firmicutes phylum were more abundant in obese patients with severe asthma, whereas the presence of Actinobacteria correlated with improvement of asthma control (43) . It has is also been shown that the species Neisseria, Haemophilus, Campylobacter and Leptotrichia were present in the lower airways of patients with corticosteroid-resistant asthma, but not in patients with corticosteroid-sensitive asthma (36) . In severe asthmatics the presence of Mycoplasma pneumoniae and Chlamydophila pneumoniae, was found in several clinical trials, suggesting the validity of therapy with macrolide antibiotics (38, 45, 47) . It seems that microbiome-related functions might aff ect responsiveness to corticosteroid treatment in asthmatics. In patients with asthma in which Haemophilus levels were increased, a diminished response to corticosteroid therapy was found (48) .
Th e Role of Microbiome in Prevention and Treatment of Asthma
At present, the available asthma treatments work to reduce and control symptoms but are unable to prevent and/or cure the diseases eff ectively. Recent studies on asthma have suggested possible therapeutics that may modulate innate immunity and microbiota (49) . Th e eff ect of gut microbiota maturation over the fi rst year of life in infants at high risk for asthma was investigated, alongside the fact that it is modifiable by Lactobacillus
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Fig. 1. Lung microbial dysbiosis in asthma (44).
supplementation in early life (49) . The study showed that early-life gut microbial development is distinct but plastic, which opens the possibility of a novel strategy for early-life prevention of childhood asthma. Considering the fact that manipulation of the gutairway axis and microbiome, particularly in early life, might be a strategy to prevent the development of asthma.
The reparation of lung and gut microbiota through the use of probiotics, prebiotics or symbiotics is one of the potential therapeutic strategies in asthmatics. Interest in this is relatively recent, especially based on evidence that a "healthy" microbial community facilitates the development of immune tolerance (27, 50) . In animal models a study confirmed the protective effects of certain probiotic strains on inflammatory responses in lungs, but also showed that not all probiotics have the same effect (51) . Prevention and intervention studies in humans have shown inconsistent results. It is necessary to emphasize that comparisons between studies in humans are difficult, due to different populations, ages, study design, geographic locations, lifestyle factors, and the heterogeneity of the probiotics and/or prebiotics used (27). Lee SC, et al. in a randomized controlled trial using a combination of fish oils and vegetable extracts with a probiotic, found a significant improvement in pulmonary function and a significantly reduced need for short-acting bronchodilators and inhaled corticosteroids in asthmatic children, suggesting that a combination of multiple approaches may lead to measurable clinical benefits (52) . These results are promising, however more clinical studies are needed to determine whether modification of gut and lung microbiota can modulate the natural course of asthma, as well as controlling the disease (53) . Currently, there is no recommendation to use pre-or probiotics for treatment or prevention of asthma (3) . There is also no recommendation regarding whether maternal diet during pregnancy and breastfeeding, with the addition of prebiotics or probiotics, could influence the development of allergy and asthma later in life (3) . New studies are required to determine if appropriate prebiotic and probiotic use during pregnancy may functionally impact the risk of asthma and allergy in their children (3, 54) . Further profiling and characterization of the microbiome associated with specific asthma phenotypes are necessary for identifying novel microbiota-related mechanisms of disease and also "phenotypespecific" management strategies (55) .
Conclusions
The function of microbiota in healthy immune response is generally acknowledged, and respiratory and gut dysbiosis might result in chronic inflammatory disorders, such as asthma. Further investigations are needed to improve our understanding of the role of the microbiome in inflammation and its influence on the risk factors for asthma. In the last few years many studies have been published which prove the connection between the respiratory and gut microbiota and the development and treatment of asthma. 
